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SLR INVESTIGATION LIFE-CYCLE
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Geophysical Models Data QA
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Science Interpretation Instrument engineering

Reference Frame Modeling
Geocenter motion
Polar Motion and Earth Orientation




PRECISION ORBIT DETERMINATION

30 Years of

Satellite Laser Ranging
state-of-the-art precision OD SLR Leadership
mm fracking site locations
mm/yr tectonic motion determination
monitoring time varying gravity effects

Interplanetary Applications

Altimeter Mission Support . :
. Precision Orbits for NEAR
jrazssr:n orbits for TOPEX and 2m Orbits for Mars Global Surveyor
assisted with Laser Altimeter

Crossovers




Calibrating GNSS orbits with SLR tracking

data (Urschl et al) | SLR range rESiduaIS
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PRECISION ORBITS for GIOVE-A

Australian Government

Geoscience Australia

Orbit Determination and Analysis of
GIOVE-A Using SLR Data

Ramesh GOVIND

181 International Las ing Workshop
15t _ 20t ( 2006

Canbermra

Orbit determination for GIOVE-A
using SLR tracking data

G. Beutler, W.Gurtner,
U. Hugentobler, M. Ploner

October 16, 2006
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Lageos Node Combination Residual Lageos |l Modeled and Observed Spin

Compared to Predicted LT Effect Orientation Needed for Advanced
(Pavlis) Thermal Models (Noomen); Lageos
11+ years - Spin Modeling (Kucharski)
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C, ., Comparison: SLR vs GRACE
monthly (Lemoine)
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Terrestrial Reference Frame
(Polar Motion, Earth Rotation, Geocenter, Station Motion)

SUB-CM EARTH MEASUREMENTS
mm-level Geodesy requires
understanding of the reference
frame and its distortions to acute
levels of precision.




Lambeck:

ponent * AuScope

infrastructure to deliver a geodetic
capability of 1cm accuracy in real time
accuracy in post-event processing across
ustralian region.



VL
K Station Positioning and the ITRF

T

* Introduction

* ITRF2005 Experience
* Positioning Performance (where are we 7)
* Accuracy of the Frame Parameters (Origin & Scale)
* Limitation Factors & Issues for Improvement

» Conclusion

International Terrestrial Reference Frame

Zuheir Altamimi
IGN, France

ILRS Workshop, Canberra, October 16-20, 2006

Example of selected sites for plate angular velocities
estimation

Pacific Using PB 2002 Plate boundaries (Bird, 2003)

Africa
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Ausfralian Government

Geoscience Australia

Determination of the Temporal
Variations of the Earth’s Centre of
Mass from Multi-Year SLR Data

Ramesh GOVIND

15" International Laser Ranging Workshop
158 — 20 October2006
Canbemra

Dominant Periods

» = 1200 days (39
months) — 2 cm

» = 900 days (30
months) — 3 cm

o= I8 months — 3 cm

Geocenter Monitoring Using SLR
(Govind)
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Contributions of techniques to EOP combined solutions
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Optimal Combination of

Allan variance analysis for SLR, GPS and VLBI

X=Pole : Pair Varionce for different technigues (SLR, GPS and VLBI)
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Least square mean effect.

Application to the analysis Imp I'OVGCI Treatment Of Time Varying
Signals (Coulot

of Satellite Laser Ranging time series

D. coulot ¥, Ph. Berio @ & A. Pollet ¥

{2) ISN/LAbsrateire de REcherche on Gésdésie - Mame la Vallée - France
(2) Ocd/Département GEMINI - Grosse - Fronce

R0 b Least sguare mean effect ,
Numerical examples: method of simulation

150h Irternetionol Loser Rorghg Workshor | | Plhyeical models | pMeasuremonts

Simulated measarements

Paritial derivatives

7-day
LAGEOS orbits

7-day
LAGEOS -2 orbits

MATLO
: AVEPAGE POSGLOR

( zTRF2000 )—”/

Atmospheric leading
effects

Signal weekly e Ectimated
temporal means station positions

¥ Real orbits and real SLR measurement times are used in simulations ”
¥ Estimated station position time series contain atmospheric loading signals ¥

Atmospheric loading effects are derived from the ECMWF pressure fields
htip ./ vwww ecmwf. int




RMS (m)

DM (ppm)

DGFI _ VLBI vs SLR Scale wrt ITRF2005

{-Param Transformation EPOS solution vs. ITRF2000: 50 -t : . . . : . . . : . ' . :
Disclosures (RMS) vs. Scale (DM) VS ILRS
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Conclusions
SLR - VLBI 0.40 £0.42 0.04 £0.10
SLR - VLBI * 0.26 £ 0.41 0.03 £ 0.09 ° Origin:
* : Discontinuity for GPS station Maui introduced — Significant drift / ITRF2000 in TZ : 1.8 mm/y
Some remarks: — Consider Impact on ITRF2005 velocity field
= The scale difference between SLR and VLBI is obtained ,indirectly” (ITRF2005 velocities are 1.8 mm/yr larger than
via similarity transformations w.r.t. the GPS network. ITRF2000)
= The estimated scale differences are very small and not significant. < ? e Scale:
= Much effort was made to select the ,best” co-location sites TTe-l

"~~3 — ~1 ppb bias btw solutions from VLBI and SLR
« NNR Condition: Still at the level of 2 mm/yr

+ Still too many issues to improve ...

w.r.t. quality and spatial distribution.

r

SLR vs VLBI Scale: 1.7ppb???




WWW Based Service to Compare Geodetic Time Series
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LASER SATELLITE ALTIMETRY

 Mars Global Surveyor
- Laser Altimetry - Near Earth Asteroid Rendezvous .

— Earth/planetary topography - ICESat
— Biospheric monitoring « Shuttle Laser Altimeter
— |nterp|anetary applications ° Lunar Reconnaissance Orbiter

Mercury Messenger
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Sea Surface Topography
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First Sea Ice Thickness Maps From ICESat
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Latitude

Lunar Laser Altimeter data
lunar laser altimeter crossover residual at surface point

North Pole: |atitude ge 70

AR
SR D LY

330° 0’ 30°

East Longitude
] [ [

-5 0 5

60" 90° 120° 150° 180°

South Pole: Iatitude le 70

SIMULATIONS FOR LRO

« Simulations of a Lunar Orbiter
mission flying an altimeter were
undertaken in support of GSFC’s
proposal for this round of
Discovery Missions. These
simulations assessed the efficacy
of using altimeter cross over data
to improve satellite positioning
and gravity recovery on the far
side of the moon



Summary

 Observations Acquired by SLR, LLR, and Laser Altimetry are Major and
Unique Science Resources

 Major Advancements in Modeling
— Gravity field accuracy
— Astrodynamic forces
— Thermal characterization of satellite components
— SLR data analysis techniques and correction algorithms
« Limitations
— Best SLR precision ~ 1-2 mm; Best orbit reductions ~ 1-2cm

— Significant signal remains to be understood and exploited
— Terrestrial Reference Frame:

* Results are currently analysis center specific and rely on processing
approaches

- Significant and pressing need for resolution



